Type Ia tricuspid atresia with extensive coronary artery abnormalities in a living 22 year old woman  by Voci, Gerardo et al.
1100
Type Ia Tricuspid Atresia With Extensive Coronary Artery
Abnormalities in a Living 22 Year Old Woman
JACC Vol. 10, No.5
November 1987:1100-4
GERARDO YOCI, MD, JOAQUIN N. DIEGO, MD, HASS SHAFIA, MD, FACC,
MOSEN ALAYI, MD, FACC, MAHMOUD GHUSSON, MD, YIDYA S. BANKA, MD, FACC
Philadelphia, Pennsylvania
Type Ia tricuspid atresia, with extensive coronary artery
abnormalities, is identified in the oldest living patient
with this condition, a 22 year old woman. Clinical char-
acteristics include severe cyanosis, effort dyspnea, myo-
cardial infarction in the past and persistent angina pec-
toris. "Ideal" pulmonary flow and adequate left
ventricular function, despite an akinetic apical segment,
are substantive factors for this exceptional longevity.
Coronary abnormalities consist of: 1) total proximal
Type la is the rarest morphologic variety of tricuspid atresia,
with an estimated incidence of 13% (1). Patients with this
disorder have a greatly reduced life span, usually ::;6 months
(2). Longer survival has been exceptional (3-5), and for
the most part reported in patients with type Ib, Ie or lIb,
when pulmonary blood flow has been adequate and usually
not excessive (6). Although the basic morphologic varieties
of tricuspid atresia and their function profiles have been well
documented, no mention has been made of any existing
coronary artery disease in either autopsy cases or clinically
evaluated adult patients. We recently studied a 22 year old
patient with type la tricuspid atresia and coexisting extensive
coronary artery abnormalities whose clinical and angio-
graphic observations are summarized in this report.
Case Report
Clinical features. A 22 year old Hispanic woman had
had severe cyanosis since birth. As an infant, she was the
product of an uneventful gestation, was delivered at term
weighing 2.5 kg and measuring 50 em crown to heel. In
early childhood she developed exertional dyspnea and diz-
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occlusionof the left anterior descending coronary artery;
and 2) partial diversion of coronary artery flow to a
segmental pulmonary artery branch. Nonvisualization
of the coronary sinus is also noted. Factors other than
atherosclerosis may account for total proximal occlusion
of the left anterior descending coronary artery. Survival
is threatened by adverse effectsof ongoing ischemic coro-
nary events.
(J Am Coli CardioI1987;lO:ll00-4)
ziness, and she experienced one syncopal episode. She re-
sided in a remote area of Puerto Rico. At age 14 a diagnostic
cardiac catheterization was carried out. A diagnosis of trun-
cus arteriosus was made and the parents were told that no
surgical intervention could help. Effort angina pectoris with
radiation to the left arm, associated with respiratory diffi-
culties and diaphoresis, lasting 15 to 20 minutes and relieved
by rest, had been a disabling feature in the last few years.
She did not smoke or use contraceptives. On September 2,
1986, while climbing a flight of stairs, she had an episode
of severe chest discomfort and dyspnea that necessitated
admission to our hospital.
On physical examination she was found to be deeply
cyanotic with clubbing of the fingers and toenails. She was
underdeveloped, weighed 37 kg and was 144 em tall. Marked
thoracolumbar scoliosis was present. There was no jugular
venous distension and no carotid bruits were heard; pulses
were bounding and blood pressure was 100/60 mm Hg.
Cardiac examination revealed a normal apical impulse, ac-
centuated first and second heart sounds with no splitting,
and a grade 2/6 midsystolic murmur localized in the left
parasternal area. No hepatomegaly or peripheral edema
was noted.
Laboratory findings were: hemoglobin, 22.0 g/dl; he-
matocrit, 66%; white blood cells, normal; blood chemistry
survey, unremarkable; cholesterol, 160 mg/dl; urinalysis,
negative. The chest roentgenogram showed a normal car-
diovascular silhouette and subnormal pulmonary vessels.
The electrocardiogram showed sinus rhythm, right axis de-
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viatron to + 1400 anteriorly, right atrial enlargement, old
lateral myocardial infarction and symmetrical inversion of
T waves in the anterior precordial leads,
Echocardiography, The two-dimensional echocardio-
gram showed a slit-like right ventricular cavity with thick-
ened and trabeculated walls, a fixed tricuspidvalve, a mildly
enlarged left ventricular cavity and normally related great
vessels,
Cardiac catheterization. At diagnostic cardiac cathe-
terization (by the transfemoral technique) the venous cath-
eter could not be advanced across the tricuspid valve but
could be directedacross the atrial septuminto the left atrium
and ventricle, The pulmonary artery was entered retrograde
through a large patent ductus arteriosus with the arterial
catheter. Biplane angiocardiography by way of right atrial
injection, selective left ventriculography and aortic root and
pulmonary artery arteriography established the presence of
type Ia tricuspid atresia (interatrial communication, intact
ventricular septum, pulmonary valve atresia, normally re-
lated great vessels, functioning patent ductus arteriosus),
Hemodynamic and angiographic data are displayed in
Table 1 and Figure 1. The mean pressures in both atria
were equal, suggesting a nonrestrictive communication de-
spite instantaneous pressure differences, Pulmonary hyper-
tensionat or near systemic level and marked arterial oxygen
desaturation were present. The left ventricle was of normal
size with akinesia of its apical segment where a systolic
shortening of the segmental radii approached zero (Fig. 2a
and c), End-diastolic and end-systolic volumes, ejection
fraction and left ventricular output were normal. Integrity
of the ventricular septum was documented (Fig, Zb). The
aorta (Fig. lA) was disproportionately enlarged, and from
its anterior cusp originated a small rudimentary right coro-
nary artery devoid of any ventricular branches. Opposite to
the left subclavian artery, a large patent ductus arteriosus
was present. No obvious evidence of bronchial collateral
circulationwas recognized, The main pulmonary artery was
of small caliber with an atretic pulmonary valve (Fig, IB).
Both branchesof the pulmonaryartery were also of reduced
caliber. An avascular segment noted in the right mid lung
Table 1. Catheterization Data
was subsequently found to be perfused from posterior epi-
cardial coronary collateral vessels (Fig. 1C),
Selective left coronary arteriography. This disclosed
a large vessel with a normal main stem and dominant cir-
cumflex branch. The left anteriordescendingcoronaryartery
was totally occluded at its origin and its distal segment was
partially visualized retrograde by means of collateral cir-
culation from the first and second marginal branchesof the
left circumflex artery (Fig. 10). A multitude of small epi-
cardial branches originating from the left atrial branch of
the circumflex artery provided a fair amount of perfusion
to an isolated segmental branch of the right mid lung (Fig.
IC). Follow-through to the venous phase failed to opacify
any venouscoronarychannels, includingthe coronarysinus,
Coronaryvenous flow drained into the left ventricularcavity
through thebesian veins,
Discussion
Several unique features characterize this patient and de-
serve comment.
Reasons for longevity. To our knowledge, this patient
is the oldest surviving patient with type Ia tricuspid atresia,
Only two patients alive at age 8 and 18 years, respectively
(3), and two other patients who lived to age 21 years have
been reported (4,5). Her longevity can be attributed to the
adequacy of the pulmonary blood flow, which is primarily
supplied through the large patent ductus arteriosus and par-
tially through the collateral circulation to a segmental pul-
monary artery branch from the left circumflex coronary ar-
tery. We have not been able to demonstrate angiographic
evidence of collateral bronchial circulation, a circumstance
that has been a major contributing element for prolonged
survivalin the rare adult cases that have come to postmortem
observation (3-6), The possibility that a ventricular septal
defect might have been operative at birth with subsequent
closure in infancy remains subject to speculation, Sponta-
neous closure of a previously functioning ventricular septal
defect has been reported (3,7).
Left ventricular function, as judged by the end-diastolic
Pressures (mm Hg) O2 Saturation Volumetric
Location (SID [mean]) (%) Measurements
SVC 66 EDV 71.1 ml
IVC 67 ESV 27.5 ml
RA a. II; v, 4 (3) 66 EF61%
LA a,7;v,5(3) 84 CO 4.8 liters/min
LV 115/5 85
Aorta 115175 (92) 85
PA 105172 (85) 84
a = a wave; CD = cardiac output; EDV = end-diastolic volume; EF = ejection fraction; ESV = end-
systolic volume; Ive = inferior vena cava; LA = left atrium; LV = left ventricle; PA = pulmonary artery;
RA = right atrium; SID = systolic/diastolic; sve = superior vena cava; v = v wave.
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Figure 1. A, Aortic root aortogram, lateral view. The ascending
aorta is disproportionately enlarged. From its anterior cusp orig-
inates a rudimentary right coronary artery, devoid of atrial and
ventricular branches (horizontal arrow). Opposite to the left sub-
clavian artery is a large patent ductus arteriosus (curved arrow).
Visualization of the pulmonary arteries is obvious. B, Selective
pulmonary arteriogram obtained with the arterial catheter across
the patent ductus arteriosus. The main pulmonary trunk is hypo-
plastic and the pulmonary valve is atretic. Both branches of the
pulmonary artery are also of reduced caliber. Note the loss of
vascularity in the mid right lung field anteriorly. C, Late phase of
selective left coronary arteriogram demonstrating contrast medium
in segmental pulmonary artery branches (arrows) of the right mid
lung by way of retrocardiac coronary collateral vessels. D, Selec-
tive left coronary arteriogram, right anterior oblique view. Total
occlusion of the left anterior descending artery at its origin is
present (open arrow). From the first and second marginal branches
of the circumflex artery, collateral vessels (arrows) partially per-
fuse distal remnants of the left anterior descending artery and some
of its secondary branches (arrowheads). A conglomeration of
small collateral vessels is also present in the anterobasal segment.
Numerous retrocardiac collateral vessels (curved arrow) are pres-
ent, which in subsequent frames are found to be diverting flow
to a segmental pulmonary artery branch in the right mid lung
(see C).
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Figure 2. Left ventriculogram. a, Computer-plotted
superimposed end-diastolic and end-systolic contours
in the right anterior oblique view showing akinesia in
the apical segment. b, Lateral view, systolic frame,
showingan intact ventricularseptum. c, Percent short-
ening of the 90 segmental radii with 4° angles. Zero
shortening is present between radii 35 and 45 corre-
sponding to the ventricular apical segment.
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pressure and by the end-systolic and end-diastolic volumes,
is adequate despite the loss of contractility in the apical
segment. Concerned by the unfavorable and disabling ef-
fects of the existing left coronary artery disease and anom-
aly, we have instituted medical treatment with calcium chan-
nel blockers and nitrates. Significant symptomatic
improvement was observed at 6 month follow-up. Her poor
physical condition has precluded exercise studies. Neither
antiplatelet aggregation therapy nor anticoagulation has yet
been contemplated.
Coronary artery disease and anomaly. The extent of
coronary disease is remarkable in many ways. The electro-
cardiogram and the left ventriculogram provide convincing
evidence of a localized prior apical myocardial infarction
as a result of total proximal occlusion of the left anterior
descending artery. Inadequate perfusion of the myocardial
segment served by this artery, despite subsequent devel-
opment of collateral circulation, is mainly responsible for
the recurring episodes of exertional angina pectoris. The
right coronary artery was rudimentary and devoid of ven-
tricular branches. Partial diversion of coronary blood flow
to the segmental pulmonary artery branch might also be
depriving the myocardium of some of its blood supply.
Other investigators (8-13) have reported chest pain similar
to angina in patients with normal coronary arteries and coro-
nary bronchial arterial anastomoses and have equated this
situation to a coronary steal.
Angiographic luminal integrity of the left circumflex ar-
tery would suggest, but not exclude, that factors other than
atherosclerosis might have been responsible for total prox-
imal occlusion of the left anterior descending artery. It is
conceivable that an embolic or thrombotic event might have
been the primary cause. A prolonged 'spasm leading to
thrombosis is another possibility. Unfortunately, selecti ve
coronary arteriography is seldom performed in young pa-
tients with congenital heart disease and, as a result, little is
known about the frequency, extent and distribution of coro-
nary disease in this age group. Similarly, no description of
coronary anatomy has been provided at postmortem ex-
amination in the few cases of tricuspid atresia with excep-
tionally long survival, although episodes of chest discomfort
have been described in at least one patient (5).
Coronary collateral flow to the lungs. Collateral flow
from the posterior epicardial branches of the left circumflex
artery to a segmental pulmonary artery branch is an inter-
esting phenomenon. Because pulmonary hypertension at or
near systemic level was present, it is reasonable to speculate
that through an aberrant development process this segmental
branch must have remained isolated from the rest of the
pulmonary vascular tree and thus was allowed to function
as a lower pressure system into which the higher pressure
collateral coronary flow was freely entering, Atrial retro-
cardiac branches of the coronary arteries acting as bridges
that connect with bronchial and mediastinal arterioles have
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been described (12). Under conditions of pulmonary artery
ligation and cardiopneumonopexy, the retrocardiac exten-
sion of these bridges increases in frequency as they begin
to function as collateral vessels to the lungs along with the
bronchial arteries with which they freely anastomose. The
direction of blood flow will depend on the pressure gradient
in the system (13-15).
Absence of the coronary sinus. This rare congenital
anomaly has been previously described in association with
other cardiovascular abnormalities (16) and, as an isolated
anomaly, in a 59 year old woman (17). In our patient, no
venous channels, including the coronary sinus, were iden-
tified. Instead, coronary venous flow was seen draining into
the left ventricular cavity through functioning thebesian veins.
Because the right atrial pressure was not high enough to
impede coronary venous return, we presume that this major
venous channel is congenitally absent, although no anatomic
proof is available. We also believe that this abnormality is
inconsequential.
We are grateful to Jacob Zatuchni, MD for his encouragement and helpful
criticism and to the technicians in the cardiac catheterization laboratory
for their tireless dedication and efforts.
References
I. Keith10, RoweRD, Ylad P. HeartDiseasein InfancyandChildhood.
New York: Macmillan, 1958:427-45.
2. PerloffJK. The ClinicalRecognition of Congenital HeartDisease,3rd
ed. Philadelphia: WB Saunders, 1986:553-70.
3. Dick M, Fyler DC, Nadas AS. Tricuspid atresia: clinical course in
101 patients. Am J Cardiol 1975;36:327-37.
4. Abrams R, Saldana M, Castor JA, ShelburneJC. Tricuspid and pul-
monary valveatresiawithaorto-pulmonary fistula. Survivalof a patient
to 21 years of age. Chest 1975;68:263-5.
5. Breish EA, Wilson DB, Laurenson RD, Mazur JH, Bloor CM. Tri-
cuspid atresia (type Ia): survival to 21 years of age. Am Heart J
1983; 106: 149-51.
6. Jordan JC, Sanders CA. Tricuspid atresia with prolonged survival: a
reportof two cases with a reviewof the world literature. Am J Cardiol
1966;18:112-9.
7. Roberts WC, Morrow AG. Mason DT, Braunwald E. Spontaneous
closure of ventricular septal defect: anatomic proof in an adult with
tricuspidatresia. Circulation 1963;27:90-4.
8. SmithSC, Adams OF, HermanMY, Paulin S. Coronary to bronchial
anastomoses: an in vivo demonstration by selective coronary arteri-
ography. Radiology 1972;104:289-90.
9. Morettin LB. Coronary arteriography: uncommon observations. Ra-
diol Clin North Am 1976;14:189-208.
10. Sutton MG St J, Miller GAH, Kerr IH, Traill TA. Coronary artery
steal via large coronary artery to bronchial artery anastomosis suc-
cessfully treated by operation. Br Heart J 1980;44:460-3.
II. Saito H, Shiotaris K, Sakurai J, Murakita K. Coronary-to-bronchial
arteryanastomosis and multiplepulmonary cysts with anginapectoris.
Am Heart J 1984;107:1037-8.
12. Gobel FL, Anderson CF, Baltaxe HA, Amplatz K, Wang Y. Shunts
between the coronary and pulmonary arteries with normal origin of
the coronary arteries. Am J Cardiol 1970;25:655-61.
13. Zureikat HY. Collateral vessels between the coronary and bronchial
arteriesin patientswithcyanoticcongenital heartdisease. AmJ Cardiol
1980;45:599-603.
14. Halpern MH. Extracardiac anastomoses of the coronary arteries in
human newborn. Anat Rec 1954;118:306-7.
15. KlineJL, Stern H, BloomerWE, Liebow AA. The applicationof an
induced bronchial collateral circulation to the coronary arteries by
cardiopneumonopexy. I. Anatomical observations. AmJ Pathol 1956;32:
663-93.
16. Mantini E, GrondinCM, LillebeiCW, EdwardsJE. Congenital anom-
alies involving the coronary sinus. Circulation 1966;33:317-27.
17. Foale RA, Baron OW, Rickards AF. Isolated congenital absence of
coronary sinus. Br Heart J 1979;42:355-8.
